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tH no drawings 

05 (21) Application No. 16444/70 (22) Filed 7 April 1970 

W (31) Convention Application No. 817564 (32) Filed 18 April 1969 in 

05 (33) United States of America (US) 

SO (45) Complete Specification published 6 April 1972 

01 (51) International Classification C 07 c 173 /00 

FH (52) Index at acceptance 

C2U 2 3 4A2 4B2 4C4 4C5 4D 4X 

(54) IMPROVEMENTS IN OR RELATING TO CORTICOID 
CARBONATES 

PnJTSwis ^ SYN1 ? COLORATION, a Panamanian Corporation of Apartado 
Postal 7386, Panama, Panama, do hereby declare the invention for which weTrav 

to be particularly described m and by the foUowing statement : — 
^ , , ™ V£ ? ltlon . rdate s to novel cyclopentanophenanthrene derivatives More nar- 
ttmlariy, this, invention fa , directed to 21-corticoid P carbonates which canle r^Semed 
by the followmg general formula: F 
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wherein, 

R* is fluoro or chloro; 10 

R* is hydrogen, fluoro or chloro; 

R s is hydroxy or when R 2 is chloro, R 3 can be chloro; 

R 4 is lower alkyl, cydoalkyl, or aralkyl; 

P and Q are hydrogen, lower alkyl, halogenated lower alkyl monocyclic cyclo- 

alxyl, monocyclic aryl, monocyclic aryl lower alkyl, monocyclic heterocyclic, 15 
or monocychc heterocyclic lower alkyl, or together with the carbon atoms 
towhich they are joined P and Q are cycloalkyl or monocychc heterocyclic; 

Z 1 is a single or double bond. 

The above novel compounds of this invention have anti-inflammatory, dvcoeenic 20 
thymolytic, ann-estrogenic and anti-androgenic activity and can be used uTlhe same 

?r?S r nP?7o e ^ Same i? U ^r 0Ses as ^^^^-UAie^na^l-tetrahydroxypregna- 
l,4-diene-3,20 : dione 16 a ,17^acetonide (fluocinolone acetonide). They are parricukrlv 
useful for topical teeatment of skin inflammation and similar' skin hSoSTSZ 
this purpose can be used together with the conventional exripients in the conven- 25 
ttonal n bases used for topical preparation. The invention includes therapeutic ram- 

ESpST* C T P ,^ ? f . formula J in suitobIe Pharmaceutical excipiente. 
„ a 1 v • Io wer. alkyl and derivations thereof appearing in the above definitions 
and I elsewhere m the instant specification denote alkyfgroupTcontaining 1 t«^ T?Son 

S ftSn"" 1 ^ The F* 1 "^alkyl" denotes ^doafcyl groups 
having from 3 to 10 carbons such as cydopropyl, cydobutyl, cydopentyL cvdohexvl 
cydopentylmethyl, cydopentylethyl, cyclohexylmethyl, cydohexylemyTsicydohlxylV 
[Price 25p] - " v * 
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propyl, and the like. The term "aralkyl" and derivations thereof appearing in the 
above definitions and elsewhere in the instant specification denote phenylalkyl and 
substituted phenylalkyl groups containing from 7 to 10 carbon atoms, inclusive, such 
as benzyl, o-, m- and p-methylbenzyl, phenylethyl and 3-(phenyi)propyL 

The compounds of Formula I are prepared according to this invention by react- 
ing a steroid of the general formula 




wherein R l , R 2 , R 3 , P, Q and Z l are as previously defined with a chloroformate having 
the general formula: 

O 



10 Q — C — OR 4 

(B) 



10 



wherein R* is as previously defined. The steroid of Formula A can be reacted m a 
pyridine solution with the chlorocarbonate of Formula B in excess of one mole of 
the steroid. The reaction can be conducted in the presence of a cosolvent such as 
chloroform, dichloromethane, monoglyme, or tetrahydrofuran since theneat pyncUne 
15 solution may cause some decomposition of certain of the reactants. The reaction is 15 
conducted at a temperature of from -70° to 20°C, for from 5 to 48 hours, pre- 
ferably for 18 hours at 0°Q and purified by conventional procedures. For example, 
the reaction mixture containing the product carbonate can be driuted with water, 
filtered, and the solid product dried and purified by crystallization or chromatography 
20 on silica gel to yield the 21-corticoid carbonates of Formula I. 2U 

The chloroformates of Formula B together with representative procedures for 
reacting them with steroids are disclosed in U.S. Patents 3,056,727, 3,314,856, 
3,329,570, 3,409,641 and Belgium Patent 706,333. In general, the cMoroformates/are 
formed by reacting a corresponding alcohol with an excess of phosgene in a suitable 
25 inert organic solvent to obtain the chlorocarbonate. For example, phosgene can be 23 
allowed to bubble for a period of 15 hours into 120 cc. of anhydrous ethanoi cooled 
to 0°C Then 30 g. of cydohexylmetbanol is introduced. The reaction mixture is then 
agitated at 0°C for a period of 24 hours, the phosgene is removed by bubbling 
nitrogen therethrough, and the mixture is concentrated to dryness under vacuum to 
30 yield the cyciohexylmetbyl chloroformate. - 30 

Other suitable chloroformates include methyl chloroformate, ethyl chloroformate, 
n-propyl chloroformate, cyclohexyl chloroformate and benzyl chloroformate. 

The compounds of Formula A are described together with methods for their 
preparation in U.S. Patent 3,053,838. Among the suitable starting steroids useful in 
35 the process of this invention can be mentioned the 16o:,17a-acetal derivatives of 35 

6a-fluoro-ll^,16a,17«,21-tetrahydroxypregn-4-ene-3^0-dione, 

6^dbloro-llj8,16a,17a,21-tetrahydroxypregn-4-ene-3,20-dione, 

6a,9a-difluoro-llA16a,17«,21-tetrahydroxypregn-4-ene-3,20-dione, 

6^,9«-dichloro-ll£,l6^17a^ 

40 6a-d)lOTO-9a-fiuoio-lW 40 

9o^diloro^6a-fluoro-ll£,16a,17^ 

6«,9^,lli5-tricMoro-16<r,17a,21-iTmydroxypregn-4^ne-3,20-^one, 
9<r,llfl-dichloro-6a-fluoro-16a,17a,21-trihydroxypregn^ene-3,20-dione, 
6Vfluoro-lli9,16a,17a^l-tetrahydroxypregna-l,4-diene-3^0-dione, 
45 6o^fluoro-ll]5,lfo,17a,21-tete^ 45 

6a,9^dffluon>-llftl6r,17«,21^ 
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6a,9o-dichloro-ll&lfo,17a^^ 

6o?-diloro-9a-fluoro-l lft 16a, 17«^l-tetral^droxypi^na-l,4-diene-3^0-dione, 
9o-cMoro-6a-fiuon>-ll£,16a 3 17^ 

6flj,9^11^-tricMoro-16or47a^l-trihydroxypregna-l 5 4-di^ and 
9a, 1 l^-dichloro-6a-fluoro 16a,17a4l-trihydraxypregna-l,4-^ene-3^0-dione 7 5 
with lower alkanals such as paraldehyde, propanal, and hexanal; halogenated lower 
alkanals such as chloral hydrate trifluoroacetaldehyde hemiacetal and hepta fluoro- 
butanal ethyl hemiacetal; di(lower alkyl)ketones, such as acetone, diethylketone, di- 
butylketone, methylethylketone, and methylisobutylketone; halogenated di(lower alkylV 
ketones, such as 1,1,1-trifluoroacetone; cydoalkanones, such as cydopentanone, cyclo- 10 
hexanone, suberone, cydobutanone, and cydodecanone; mono- and dicydoalkyl 
ketones, such as cydohexylmethyl ketone and dicydopropyl ketone; monocyclic 
aromatic aldehydes, such as benzaldehyd^ halobenzaldehydes (e.g. />-chlorobenzalde- 
hyde and p-fluorobeiizaIdehyde\ lower alkoxy beozaldehydes (e.g. ^anisaldebyde), 
15 diaower alkoxy)benzaldehydes (e.g. veratraldehyde), hydroxybenzaldehydes (e.g. sah- 15 
^laldehyde), dihydroxybenzaldehydes (e.g. resorcylaldehyde), lower alkyl benzalde- 
hydes (e.g. w-tolualdehyde and p-ethylbenzaldehyde), di(lower alkyl)benzaldehydes 
(e.g. o^-dimethylbenzalddiyde), nitrobenzaldehydes, acylamidobenzaldehydes (e.g. N- 
^^^^^ dald ^y de )> ^ cyanobenzaldehydes; monocyclic aromatic lower 
20 alkanals, such as pbenylacetaldehyde, o-phenylpropionaldehyde, £-phenylpropionalde- 20 
hyde, y-phenylbutyraldehyde, and aronmtically-substituted halo, lower alkoxy, hydroxy, 
lower alkyl, nitro, acylamido and cyano derivatives thereof; monocyclic heterocyclic 
aldehydes, such as picolinaldehydes, furfural, thiophene carbonals and halo, lower 
alkoxy, hydroxy, lower alkyl, nitro, and cyano derivatives thereof; monocyclic hetero- 
25 cyclic lower alkanals; monocyclic aromatic lower alkyl ketones, such as acetophenone, 25 
propiophenone, butyrophenone, valerophenone, iso-caprophenone, halophenyl iower v 
alkyl ketones (e.g. p-chloroacetophenone and p»-chioropropiophenone), (lower alkoxyV 
phenyl lower alkyl ketones (e.g. p-anisyl methyl ketone), di(lower alkoxy)phenyl lower 
alkyl ketones, hydroxyphenyl lower alkyl ketones, dihydroxphenyl lower alkyl ketones 
W (e.g. resacetophenone), (lower alkyl)phenyl lower alkyl ketones (e.g. methyl a-tolyl 30 
ketone, di(lower alkyl)phenyl lower alkyl ketones (<y>-xylyl methyl ketone), nitro- 
phenyl lower alkyl ketones (e.g. /r-nitroacetophenone), acylamidophenyl lower alkyl 
ketones (e.g. acetylanilines), and cyanophenyl lower alkyl ketones; benzophenone, and 
mono or bis substituted halo, lower alkoxy, hydroxy, lower alkyl, nitro, acylamido 
35 and cyano derivatives thereof; monocyclic aromatic lower alkanones, such as 1-phenyl- 35 
3-butanone and l-phenyl-4-pentanone, and aromatically substituted derivatives there- 
of; monocyclic heterocydic ketones, such as 2-acetyfruran, 2-benzoylfuran, and 2- 
acetylthiophene; monocyclic heterocyclic lower alkanones; and monocydic hetero- 
cydic ketones, such as alloxan. 

40 Example 1 40 

Ethyl chloroformate (1 ml.) is added to a solution of 6a,9o-difluoro-ll£,16a,17a, 
21-tetrahydroxypregna-l,4-diene-3,20-dione 16a,17«-acetonide (500 mg.) in pyridine 
(15 ml.) at 0°C. The reaction mixture is maintained at 0°C for 18 hours, poured 
mto water, filtered, washed with water, and crystallized from acetone-hexane to yidd 

45 6a,9a - difluoro - ll£,16a,17a 3 21 - tetrahydroxypregna - 1,4 - diene - 3,20 - dione 45 
16a,17o-acetonide 21-ethyl-carbonate. 

Example 2 
Repeating the procedure of Example 1 with 

6a-fluoro-ll^,16a,17a^l-tetrahydroxypregna-4-ene-3,20-dione 16a,17a- 
50 acetomde, 

6a-chloro-ll)3,16a,17a^l-tetrahydroxypregn-4-ene-3^0-dione 16a,17a- 
acetanide, 

6a,9o-difluoro-l lj5,16a,17a^l-tetrahydroxypregn-4-ene-3^0-dione 16a,17a- 
acetonide, 

55 6a,9o-dicMoro-llftl6a,17a,21-tetr^ 16a,17a- 55 

acetonide, 

6a^*M>ro-9o-fluoro-lljff,16o,17a^ 
1 6a,l 7a-acetonide, 

9«-chloro-6a-fluoro-l lftl6a,17a^l-tetrahydroxypregn-4-ene-3,20-dione 
oO 16a,17o-acetonide, 

6*,9a,ll£-trichloro-16a,17a,21^ 16a,17a- 
acetonide, 
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9^110Klichloro-6a-fiuor^ 

5 aC ^^^ 0 ro-lljM&*,17«,21-te^ 16cr,17«- 5 

16a,17«-acetonide, t , „ . - -~ 

9«-chloro-6a^fluoro-llj8,16«,17^^ 
10 16or,17<*-acetonide, #< 

6a,9^110-trichloro-16a,17^ 
16a,17«-acetonide, and 

Sefclljff-dicMon^^ 
16a,17«-acetonide, 

15 yields the corresponding 21-ethyl carbonates. 13 

Ex ample 3 

Repeating the procedures of Examples 1 and 2 but replacing ethyl chloroformate 
with methyl chloroformate, n-propyl chloroformate, n-pentyl chloroformate, cyclo- 
propyl chloroformate, cyclopentyl chloroformate, cyclohexyl cWoroformate, cyclo- 
20 propylethyl chloroformate cydopentylmethyl chloroformate, cyclohexyl ethyl chloro- 20 
formate, benzyl chloroformate, and />-methylbenzyl chloroformate yields the corres- 
ponding 21-methyl carbonate, 21 - (n - propyl)carbonate, 21 - (a - pentyl)carbonate, 
21-cyclopropyl carbonate, 21-cyclopentyl carbonate, 21-cydohexyl carbonate, 21- 
cyclopropyl carbonate, 21-cyclopentylmethyl carbonate, 21-cyclohexylethyl carbonate, 
25 21-benzyl carbonate, and 2lH>-methylbenzyl)carbonate of 25 
6^fluoro-llyS,16cr,17^1-tetrahydro^preg-4-ene-3^()-dione 16a,17«-acet0mde* 
6*-chloro-l lfl,lfe47/r 3 21-teti^ydroxypregn-4-ene-3,20^one i lda,17a-acetonide, 
6«,9aHUfluoro-ll^,16ar,17^1-tetrahydroxypregn-4-ene-3^0^ 16a,17«- 

30 aCet °6^9a-dicmoro-ll^,16or,17«,21-tetrahydr^ 16a,17«- 30 

acetonide, . A * „ 

6a-cMoro-9a-fluoro-ll/?,16a,17a,21^^^ 

16or,17o-acetonide, 0 „ 

9^cMoro-6a-fluoro-ll£,16*,17^ 

16a,17a-acetonide, ^ f/ 1Jr ;5J 

&*,9a,l ly9-trichloro-l6a,17«^l-trihydroxypregn-4-ene-3,20-dione lfcz,17<*- 

acetonide, 

9*,lljGKHdUoro-6<K-fluoro-16^ 
1 6a,17«-acetonide, 

6a-fluoro-lli3,16a > 17a,21-tetrahydroxypregna-l,4-diene-3,20-dione 16a,17a- 40 

acetonide, , a „ „ _ 

fo-chloro-l ip,16a,17a,21-tetrahydroxypregna-l,4-diene-3^0-dione 1 6a,17a- 

acetonide, 

6a,9a-dffluoro-llftl6a,17^1-tetrahydroxypregna-l,4-dime-3,2(^ 

45 lfc*,17o^acetonide, 45 
6VcMoro-9o-flluoro-ll/?,16a,17<r,21-tetrahydroxypregna-l,4-diene-^ 

16a,17a-acetonide, - - ^ 

9^chloro-6a-fluoro-ll/^6a,17«,21-te^ 
16a,17«-acetonide, ^ M ,. 

50 6a,9o>,ll£-trichloro-16a,17a,21-tf^^ 50 

16<*,17a-acetonide, and 

9a,lljS-dichloro-6a-fluoro-16ff,17a,21-trihydroxypregna-l,4-diene-3,2(^ 

16«,17o-acetonide. 

Example 4 

55 Following the procedure of Example 1, 21-ethylcarbonates of 6a,9a - difluoro- 55 

lL8,16a,17«,21 - tetrahydroxypregna - 1,4 - diene - 3,20 - dione 16«,17<* - acetals, 
wherein the 16a,17o-acetal groups are acetals of propanal, hexanal, chloral hydrate, 
trifluoroacetaldehyde hemiacetal, hepta fiuorobutanal ethyl hemiacetal, acetone, di- 
ethylketone, dibutylketone, methylethylketone, methylisobutylketone^ 1,1,1-trifluoro- 

60 acetone, cyclopentanone, cyclohexanone, suberone, cyclobutanone, cyclodecanone, 60 
cyclohexylmethylketone, dicyclopropylketone, benzaldehyde, p-chlorobenzaldehyde^ 
fluorobenzaldehyde, o-anisaldehyde, veratraldehyde, salicylaldehyde, m-tolualdehyde, 
p-ethylbenzaldehyde, o a p-dimethylbenzaldehyde, phenylacetaldehyde, o-pbeoylpro- 
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pionaldehyde, 0-phenylpropionaldehyde, picolnmldehyde, furfuraldehyde, aceto- 
p _ one ' Propiophenone, butyrophenone, valerophenone, isncaprophenone, *-chloro- 
acetophenone. , p-chtororopiophenone, p-anisyl methyl ketone, memyl ^yHaTtone, 
%' p :^t meth ? 1 u^ ton ^. oenzophenone, l-pfaenyl-3-butanone, l-phenyJ^-pWanone! 

I*"** 1 *™* 2-acctylthiophene, and alloza? are obtained S Sie 
corresponding 21-hydroxy compounds. 

Example 5 

Hpmnn^J? 1 anti-inflanmatory activity of the compounds of this invention is 
JST^ 4 3 | f o U( Ta A ^ was used to compare the anti-inflammatory 

l^?T.S n i de 21 - eth y^°ate (Compound A) Sfo.^u^iJ,!^, 
l^l-tetrahydroxypregna-l,4-diene-3^0-dione lfe,17^acetonide (Compound B) the 
^Ste^mmd?™ 31 ^P*** having the generic 

The test is a modification of a method: originally described bv Tonelli et al in 

^J 4 ^ die ?^. ether Md 1% a 01011 oil « used. Intact male 21-day-oM ratTare 
anesmeozed, and the test compound is inuncted onto the ear as follows: 0.05 mL is 
muncted ontothe made of the left ear and 0.05 mL is inuncted onto the outside of 
«nS»™L^ I containing the irritant is given simultaneously with the anti- 

it ^TZ *° ^ omsd L Rats >. » «mtrol group receive only the vehicle. Bothers 
are removed 6 hours after administration of the compound, and pieces of uniform 

Si ■ m 7^ lght increase , between the two pieces of ear are detenffi. 

with^ e JsgTUsssr 1 m Table 1 ^ 46 **** fa 



Compound 
A 
B 



Table 1 

No. of rats Dose range tested, ttg. Activity (M 
84 0.1 —2.7 390 

W u¥ • . 005-2.7 150 
hydrocortisone has an activity value of one. 



35 



tMt A * ^ be , ^dily seen from the data in Table 1, as measured by the rat-ear 
cSnpjJmd lcarbonate 15 2.6 times as active as the corresponding 21-hydroxy 

WHAT WE CLAIM IS: — 
1. A compound of the formula: 
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wherein 

R 1 is fluoro or chloro; 

R 2 is hydrogen, fluoro or chloro; 

R 2 is hydroxy or when R* is chloro, R 2 can be chloro; 

R* is lower alkyl, cycloalkyl or aralkyl; 

P and . Q hydrogen, lower alkyl, halogenated lower alkyl, monocjcKe cvelo- 
alkyl, monocychc aryl, monocyclic aryl lower alkyl, monocyclic heterocyclic 
S.iTS?^ he * e *°3 c £ l°wer alkyl or together with the carbon atoms to 
which they are ,omed P and Q are cycloalkyl or monocyclic heterocycuc 
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Z 1 is a single or double bond. 4 a , , , - 

2. A compound of Claim 1 wherein R 4 is methyl, ethyl, n-propyl, cyclohexyl, or 

cyclohexylmethyl. . . . 

3. A compound of Claim 1 wherein R* is lower aJkyl. 

4. A compound of Claim 3 wherein P and Q, together with the carbon atom to 5 
which they are joined are cyclopentyl or cyclohexyl. 

5. A compound of Claim 4 wherein R a is hydrogen. 
6 A compound of Claim 4 wherein R 2 is fluoro. 

7. A compound of Claim 3 wherein P and Q are methyl. 

8. A compound of Claim 7 wherein R 2 is hydrogen. ™ 

9 As a compound of Claim 8, 6a - fluoro - 11&21 - dihydroxy - 16*,17« - iso- 
propyUdenedioxypregn - 4 - ene - 3,20 - dione 21 ^y I ;? rbo ?^ te - 17 

10 As a compound of Claim 8, 6a - fluoro - 11&21 - dihydroxy - lfc*,17o- 
isopropylidenedioxypregna - 1,4 - diene - 3,20 - dione 21-ethylcarbonate. 

15 11 A compound of Claim 7 wherein R 2 is fluoro. 15 

12 As a compound of Claim 11, 6a,9a - difluoro - 11/3,21 - dihydroxy - 16or, 
17a - isopropylidenedioxypregn - 4 - ene - 3,20 - dione 21-ethylcarbonate . 

13. As a compound of Claim 11, 9«,11£ - dichloro - 6a - fluoro - 21 - hydroxy- 
16*,17« - isopropyHdenedioxypregna - 1,4 - diene - 3,20 - dione ^-ethylcarbonatt. 

14. The process for the preparation of a 21-carbonate ester of the general 20 
formula: 



20 



wherein 

R 1 is fluoro or chloro; _ 
25 R 2 is hydrogen, fluoro or chloro; 

R 3 is hydroxy or when R 2 is chloro, R 3 can be chloro; 
R 4 is lower alkyl, cycloalkyl or aralkyl; 

P and Q are hydrogen, lower alkyl, halogenated lower alkyl, monocyclic cyclo- 
alkyl, monocyclic aryl, monocyclic aryl lower alkyl, monocyclic heterocyclic or mono- 
cyclic heterocyclic lower alkyl or together with the carbon atom to which they are 
joined P and Q are cycloalkyl of monocyclic heterocyclic, and Z 1 is a single or double 
bond * 

which comprises reacting together a corresponding 21-hydroxy starting steroid, 
and a chloroformate of the formula: 



30 



35 



30 



Cl-A-OR 4 35 

wherein R* is lower alkyl, cycloalkyl, or aralkyl. , 

15. A compound according to Claim 1 substantially as herein described and 

exempMei^^ acc0K jing to Claim 1 substantially as herein described and exempli- 

40 fled 40 
17. A 21-carbonate ester having the general formula as defined in Claim 14 
when obtained by the process claimed in Claim 14 or Claim 16. 
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, * 8 / A therapeutic composition comprising a compound as claimed in any one 
° f * 13 . OT ^ . 15 > or Qaim 17 and aVharmaceuti^c^ient 7 

scribed' erapeunc ^P^on according to Claim 18 substantially as herein de- 
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